Recent infrared spectroscopic results from a new setup for the deposition of mass-selected ions in neon matrices are presented. The strong infrared signal observed for the asymmetric stretch of CNC ϩ and the appearance of the corresponding band for 13 CNC ϩ in its natural isotopic abundance, demonstrates the sensitivity and usefulness of the apparatus. Evidence of a combination band of CNC ϩ involving the low-frequency bend is also obtained. Using this setup, the infrared spectra of the cyanoacetylenic cations, H͑D͒C 3 N ϩ , and C 4 N 2 ϩ are observed for the first time. The assignment of the stretching vibrations of these linear cations are well-supported by density-functional calculations.
I. INTRODUCTION
Examination of a table listing molecules identified in interstellar space reveals that species containing linear carbon atom chains are quite disproportionately represented.
1,2
Even though polyacetylenic chain molecules, whether terminated by hydrogen atoms or nitrile groups, are from the terrestrial chemistry point of view considered rather unstable, reactive molecules, they are quite ubiquitous in dense interstellar clouds and in the atmospheres of carbon stars. Most of the large molecules unambiguously identified in outer space, including the largest one known to date, HC 11 N, belong to this category. 3, 4 They owe this distinction to several factors. In the first place linear molecules, even if less abundant, are more easily observed due to their smaller rotational partition functions. The dilution among many more rotational levels in nonlinear species may easily amount to more than an order of magnitude, which makes their detection much more difficult. The strongly bound linear chain molecules with conjugated triple bonds are usually characterized by low-frequency bending vibrations. The high density of vibrational states facilitates efficient intramolecular energy redistribution ͑IVR͒ following electronic excitation and may allow the molecules to survive sufficiently long until they can be stabilized by photon emission. These chain molecules are also known to be efficiently formed by numerous radical and ionic reactions, and have been shown to be important intermediates in discharges and combustion processes. The so-called Schüler's ''T'' spectrum observed in discharges through various hydrocarbons were for several years a mystery, until Callomon 5 identified the carrier as the diacetylene radical cation. It is now known that polyacetylenic compounds in general can be produced in discharges through acetylene, and also laser vaporization of carbon in the presence of species providing suitable chain terminating groups, for instance HCN or ͑CN͒ 2 , results in an efficient formation of polyyne compounds. 6 The importance of these species both in astrophysics and in terrestrial processes was one of the motivations for their studies. Early spectroscopic information about a range of acetylenic compounds and their ions was obtained in the early days of photoelectron spectroscopy by Turner and co-workers. 7 More recently very extensive studies of these compounds were reported by Maier's group, who using both gas-phase fluorescence, and their elegant mass-selected matrix experiments obtained detailed information about many molecules and ions of this type. 8, 9 Surprisingly, the information available about one of the simplest prototype compounds of this type, the cation of cyanoacetylene, is still quite fragmentary. Baker and Turner have assigned a vibrational frequency of 2180Ϯ40 cm Ϫ1 observed in the photoelectron spectrum of the parent cyanoacetylene to the 2 CwN stretching vibration. 7 Some twenty years later, Fulara et al. have generated the ion by photoionizing the parent HC 3 N in a solid neon matrix, 10 and examined its electronic spectrum by the waveguide absorption technique. 11 Based on comparison with a photoelectron spectrum they assigned a broad band at 5160Ϯ10 Å to the origin of a B 2 ⌸ 3/2 ←X 2 ⌸ 3/2 , and a short progression in a vibration of 820Ϯ60 cm Ϫ1 to the C-C stretching mode 4 in the B state.
We have recently constructed an apparatus for massselected matrix studies, similar in design to that of Maier's group. As one of the first investigations with the new setup, we have now re-examined the HC 3 N radical cation and several related species, and present in this manuscript the results of these experiments. We have succeeded in depositing the mass-selected cation, as well as its deuterated analogue, and recording their infrared absorption spectra. To assist in interpretation of the results and assignment of the observed bands, we have also carried out a series of theoretical computations on this ion and related compounds using the density-functional methods.
II. EXPERIMENT
A. Preparation of the precursors HC 3 N was prepared in two consecutive steps starting with the methyl propiolate ͑HCwCCOOCH 3 -Aldrich͒ as described in Ref. 12 . This ester was added dropwise to an excess of liquid ammonia ͑Messer-Grießheim, UHP grade͒ to form the amide and the excess NH 3 and CH 3 OH pumped off. The amide was then thoroughly mixed with calcined sand and P 2 O 5 and the apparatus evacuated. The reaction flask was gradually heated to 230°C and the pure cyanoacetylene trapped at liquid N 2 temperature. The dicyanoacetylene was synthesized in an analogous manner beginning with the dimethyl ester ͑Aldrich͒. DC 3 N was prepared via exchange between HC 3 N and D 2 O and its purity checked by infrared ͑IR͒ spectroscopy. The compounds were stored at Ϫ40°C and purified by several freeze-pump-thaw cycles directly before use.
The commercially readily available, tetracyanoacetylene ͑TCNE or C 6 N 4 , 98%, Aldrich͒ turned out, in spite of its relatively low-vapor pressure, to also be a convenient source of the carbon-nitrogen species. In the present work it was used without purification, other than degassing, as the precursor for the CNC ϩ molecular ion.
B. Ion generation, mass-selection and matrix deposition
For the cyanoacetylene precursors, the temperature of the purified compound during the experiment was maintained near 0°C by an ice bath. At this temperature the saturated vapor pressure of H͑D͒C 3 N is about 160 mbar, that of C 4 N 2 about 30 mbar. Due to the low-vapor pressure of TCNE, it was necessary to heat the glass finger containing the substance and the entire stainless steel inlet tubing to around 80°C. The flow of the precursor substance was controlled by a needle valve at a rate to produce in the source chamber a pressure in the range of typically 1ϫ10
Ϫ6 -1 ϫ10 Ϫ5 mbar. The experimental apparatus is shown schematically in Fig. 1 . The electron impact ͑EI͒ ion source consists of an Ϸ7 cm diameter outer cylinder with three heated tungsten filaments located near its periphery. Electrons emitted from the filaments were repelled by the casing kept at a potential 20 V lower than the filaments and accelerated by a potential difference of Ϸ80 V towards an inner cage formed by a wire mesh cylinder with about 4 cm diameter. The cylinder itself was at a potential of ϩ30 V with respect to ground, thus determining the kinetic energy of the ions produced by the electron impact ionization of the compound used within the source. The ions were then extracted from the cage by the electric field of an extraction electrode held at Ϫ500 V leaking into the cage.
The experimental arrangement for the mass-selected ion deposition is quite similar to Maier's setup. 9 Since it has been previously described in some detail, 13 we will discuss it here only briefly. As shown in Fig. 1 , the ion beam from the source enters via a skimmer the deflection chamber where it is collimated by the first einzel-lens L1 and then deflected 90°by an electric quadrupole field. The second lens, L2, focusses the ions upon the entrance aperture of a HIDEN HAL/3F quadrupole filter with 12 mm rods. The massselected ion beam is finally focussed by means of the lens L3 onto the cold surface of a LEYBOLD RGD 580 refrigerator operating at 7 K. The ions are deposited simultaneously with the matrix gas, neon in this case. To maintain an overall neutrality of the sample and prevent a build-up of space charges, the matrix is simultaneously irradiated by an electron beam. The total ion current produced by the source can be measured by the first Faraday cup F1, whereas the massresolved current can be detected by a moveable Faraday plate F2. In both cases the weak currents are amplified by a FEMTO DLPCA 100 current amplifier. Some mass spectra obtained in this way will be presented in the next section.
Infrared absorption spectra of the samples produced as described above were measured by a BRUKER IFS 120 HR Fourier transform spectrometer using a glowbar as an IR source and a liquid nitrogen cooled mercury-cadmiumtelluride ͑MCT͒ detector. The source light was reflected from the metal substrate upon which the sample was deposited, with the beam passing through the matrix twice. Spectra were usually recorded at a 0.06 cm Ϫ1 resolution. Prior to deposition a reference spectrum without sample was measured, and used for subtracting background from the subsequent sample scans.
III. RESULTS AND DISCUSSION

A. Mass spectra
Typical mass spectra obtained from the three synthesized compounds are shown in Fig. 2 . The spectrum resulting from ionization of HC 3 N immediately reveals the ease with which acetylenic compounds polymerize even under the low pressure conditions of our beam source. While the C, C 2 , C 2 H, CN, C 2 N, C 3 H, and C 3 N fragments of the compound used in the source are present, ions with a mass larger than the parent compound, in particular, HC 5 N, (HC 3 N͒ 2 , and (HC 3 N͒͑HC 5 N) are even more abundant. In an intitial step, the parent compound is undoubtedly fragmented or ionized by electron impact. The ions produced in this way then again react with the neutral parent, yielding as primary products several of the most abundant ions observed:
Further efficient ion-neutral reactions of the product ions yield then the larger ionic species observed in the mass spectrum of our source as secondary or tertiary products:
Quadrupole mass spectra produced with the electron-impact ionization source using the various precursors, DC 3 N, HC 3 N, and C 4 N 2 .
HC 3 NH ϩ ϩHC 3 N→͑HC 3 N͒ 2 ϩ ϩH,
Similar ion neutral processes are believed to play an important role in the interstellar medium chemistry, as does the abundant HC 3 NH ϩ ion. 14 -16 Interestingly, even though the experiments with the deuterated DC 3 N compound were carried out at a similar source pressure, the DC 3 ND ϩ ion, as well as the larger aggregates are much less abundant in this case, as can be seen in Fig. 2 . It is not quite clear if this is due to some slight differences in the source conditions between the two experiments, or if it is a real effect, perhaps due to differences in the zero-point energies.
B. Density-functional calculations
It has been recently demonstrated that density-functional calculations perform well for cyano-and dicyanopolyacetylenes, their isomers, and similiar compounds. 17 Our calculations were carried out on a dual Pentium-III Linux PC with 1 GB of RAM with the help of the GAUSSIAN 98 program package. 18 In our density-functional computations the B3LYP hybrid functional was used. For all light atoms H, C, and N, all electrons were treated explicitly, using the 6-311 ϩϩG(3d,3pd) basis set with two diffuse and three/four polarization functions on each atom. The stretching frequencies were all scaled with the factor 0.96, the empirically found best value for compounds of this type.
C. The CNC ¿ Cation
As an initial test of the apparatus we have investigated the CNC ϩ cation which was previously detected in the gas phase, and whose infrared active asymmetric stretching vibration, 3 ϭ1974.07 cm Ϫ1 , 19 is known, but which to the best of our knowledge was not yet observed in rare-gas matrices.
The commercially available TCNE compound turned out to be a suitable precursor for several C-N type compounds. It has the advantage of containing no hydrogen, but its lowvapor pressure is a distinct drawback. Its mass spectrum as produced in our ion source is shown in the inset of Fig. 3 , and it contains besides the mass 38 also the interesting mass 88 fragment, C 5 N 2 ϩ , whose neutral counterpart was the subject of several separate investigations. [20] [21] [22] When 100-150 pA of mass 38 was deposited overnight for nearly 15 hours together with neon matrix gas, and with an approximately threefold higher electron current, a very simple Fourier transform ͑FT͒-IR spectrum resulted. Several weak, rather broad bands were clearly attributable to the neutral TCNE precursor, which, in view of the very long deposition time, reached the sample substrate. In addition few sharp peaks appeared, which all diminished in intensity when the matrix was exposed to the visible light of a tungsten lamp, or to a laser radiation near 440 nm ͑see Table I and Fig. 3͒ . The strongest band at 1972.9 cm Ϫ1 is clearly due to the asymmetric stretch ( 3 ) of CNC ϩ , only insignificantly shifted from its gas phase 1974.07 cm Ϫ1 frequency. 19 A much weaker peak at 1969.9 cm Ϫ1 can probably be attributed to the ion in a different site in the neon matrix, slightly redshifted by about 3 cm Ϫ1 . The assignment of these bands to CNC ϩ is confirmed by the presence of a very weak peak at 1958.4 cm Ϫ1 with Ϸ 3% of the intensity of the strongest band. A simple calculation clearly shows that this is due to the 3 of the 13 
CNC
ϩ isotopic band. The resolution of the mass filter was, in view of the low-ion current in this experiment, slightly degraded in order to improve its transmission. In the case of precursors not containing hydrogen, the lowered resolution presents no major problem besides allowing isotopic ions to be also deposited. On the other hand, in the case of hydrogen-containing precursors, such a degradation of resolution could present a loss of selectivity and make the interpretation of the results more ambiguous.
In addition to the bands discussed above, another weak, sharp band appeared at 2104.2 cm
Ϫ1
. It exhibited a behavior identical to the other bands, suggesting assignment to the same carrier. The CNC ϩ cation is isoelectronic with the C 3 molecule which exhibits in its ground state an uncommonly low-bending frequency 2 ϭ63 cm Ϫ1 in the gas phase, 23 and 75 cm Ϫ1 in solid neon. 24 One might, therefore, expect the corresponding vibrational mode of the CNC ϩ ion to be also low. Our DFT calculations indeed predict a linear 1 ⌺ g ϩ ground state with a bending frequency of 44 cm Ϫ1 . The possible assignments of the 2104.2 cm Ϫ1 band would, therefore, appear to be either the 3 ϩ 2 or 3 ϩ2 2 combination bands. The former is symmetry forbidden, and the g↔u selection rule usually holds fairly rigorously even in matrices.
More
. The observed frequencies are compared in Table II with the computed values; the agreement appears satisfactory. Fehér et al. have observed in the region of the asymmetric stretch a number of hot bands, and using approximate formulas estimated the bending 2 vibrational frequency based on the observed l-type doubling constant for the v 2 ϭ1 level. 19 They obtained a value of 530 cm Ϫ1 , and suggested a lower limit of 400 cm Ϫ1 for the bending frequency value. The formulas they give, however, appear to be inconsistent, and this high a value for 2 seems quite unlikely for several reasons. At the pressure used ͑Ϸ0.2 mbar͒ the collisional cooling can be expected to be quite efficient. While the authors do not give information about the relative band intensities, the range of rotational levels of Jϭ0 -46 they observe would suggest that the rotational temperature of the CNC ϩ is close to the ambient 300 K. Bending frequencies are usually also quite efficiently relaxed collisionally, and if the ion, as they suggest, ''is not a floppy molecule like C 3 '' and has a high bending frequency, one might expect the corresponding vibrational hot bands to be also quite weak. The authors, however, apparently see with comparable signal to noise levels up to, and beyond, v 2 ϭ3, which with their assignment would correspond to a vibrational energy of Ϸ1500 cm
. Even if one would propose that vibrational temperatures are much higher than the 300 K translational and rotational temperature, one should then be also able to observe hot bands involving the symmetric stretch, 1 Ϸ1200 cm
, yet none were apparently identified. On the other hand, if one accepts our value of 2 Ϸ65 cm Ϫ1 , then vibrational level populations quite consistent with the results of Fehér et al. could be expected around 300 K. Also previous ab initio calculations on CNC ϩ , more specifically a MORBID analysis of CI-SDQ data, 25 which produced very accurate spectroscopic constants, support a lower value of the bending frequency. While the 3 ϭ2040 cm Ϫ1 and 2 Ϸ170 cm Ϫ1 values they predict are both too high, they are still much more consistent with our experiment, and our theoretical values shown in Table II .
It is interesting to note that in spite of the excellent signal-to-noise ratio observed for the infrared fundamental of the CNC ϩ cation, no trace of either the corresponding mode of the neutral CNC 3 ϭ1453 cm Ϫ1 in solid neon 26 or of the CNC electronic spectrum appear, suggesting that in spite of the simultaneous electron deposition, the electron-ion recombination reactions in the matrix are relatively inefficient. Even after annealing of the matrix the spectra of the neutral CNC do not appear.
D. Infrared spectrum of the HC 3 N ¿ cation
Sections of the FT-IR spectrum resulting from a deposition of mass 51 from the HC 3 N precursor are presented as the upper curves in Figs. 4 -6 . Specifically, to obtain this spectrum, a 2 nA current of the mass selected 51 AMU ion was deposited over a period of six hours with a large excess of neon. The spectrum obtained is remarkably simple, and besides a couple of easily identifiable impurities ͑H 2 O and CO 2 ͒ it contains only a few relatively weak new bands ͑see , with a broader component at 3311.52 cm Ϫ1 is easily assigned to the most intense absorption of the neutral parent compound HC 3 N, the CH stretching 1 mode.
Besides the parent bands and a few known impurity absorptions, six additional, relatively weak absorptions can be detected, as listed in Table I . A weak sharp band at 3196.47 cm Ϫ1 ͑Fig. 4-top right͒, a very weak absorption at 2175.79 cm Ϫ1 ͑Fig. 5-top right͒, and a moderately strong band at 1852.82 cm Ϫ1 ͑Fig. 6-top right͒ appear in various experiments always with the same relative intensities, they behave similarly upon annealing or photolysis of the sample, and seem to be due to the same carrier. As far as the remaining three bands are concerned, a weak to moderate absorption at 2282.16 cm Ϫ1 is clearly due to isotopic 13 CO 2 , and only the very weak absorptions at 2718.38 and 1534.95 cm Ϫ1 remain unassigned. Since these also appear in spectra of other masses, however, ͑see Table I͒ they are likely due to neutral impurities. In contrast to the parent HC 3 N peaks and the neutral impurity absorptions, the intensities of all of the product bands decreased upon annealing of the sample, confirming their transient character.
Since in order to obtain a higher current the mass resolution of the instrument was degraded it was conceivable that besides the mass 51 AMU, also masses 50 and 52 could be transmitted. In addition, the HC 3 N ϩ species could fragment upon deposition, or be neutralized by electrons. To check these possibilities, we have carried out an experiment in which under otherwise identical conditions, the mass 50 ͑corresponding to C 3 N ϩ ͒, rather than mass 51 was selected. The ion current was somewhat lower in this case, with 1 nA being deposited, again over 6 h. As shown in Table I, in this  case the same three transient absorptions were again present,   TABLE II 
albeit weaker. As a final check, we have carried out an experiment in which the mass 50 was again deposited, but using the C 4 N 2 precursor which contains no hydrogen, and whose mass spectrum contains no 51 or 52 AMU peaks, as seen in Fig. 2 . In this case the three mass 51 product bands were completely absent, confirming that their carrier contains hydrogen. A weak new product absorption at 2202.4 cm Ϫ1 appeared in this experiment.
E. Deuteration experiments: DC 3 N
¿
The lower curves in Figs. 4 -6 present similar spectra from an experiment using the deuterated precursor compound, DC 3 N, with the degree of deuteration being Ϸ 75%-80%. In this case, where an ion current of 1.5 nA of mass 52 AMU was deposited over 5 h, the parent HC 3 N bands are replaced by the corresponding absorptions of the deuterated DC 3 N compound at 2606.20 and 2598.93 cm
Ϫ1
. Also the three product bands characteristic of the mass 51 deposition completely disappear, and are replaced by three new, similar absorptions. These shifted mass 52 absorptions are identified at 2499.94, 2114.73, and 1795.64 cm Ϫ1 ͑Figs. 4 -6, bottom left͒ respectively. The two sets of three absorptions are clearly consistent with a carrier containing a single hydrogen atom. Both of the sets are absent when a precursor not containing hydrogen, e.g., the dicyanodiacetylene, C 4 N 2 is used. Furthermore, the 3196.47 cm Ϫ1 band, and its deuterated analogue at 2499.94 cm Ϫ1 are clearly due to a CH stretching FIG. 5 . Two spectral regions of the FT-IR spectra of mass-selected HC 3 N ϩ ͑mass 51-upper curves͒ and DC 3 N ϩ ͑mass 52-lower curves͒ in neon matrices showing the 2 bands of HC 3 N ϩ ͑top right͒ and DC 3 N ϩ ͑bot-tom left͒.
FIG. 6. Two spectral regions of the FT-IR spectra of mass-selected HC 3 N ϩ ͑mass 51-upper curves͒ and DC 3 N ϩ ͑mass 52-lower curves͒ in neon matrices showing the 3 bands of HC 3 N ϩ ͑top right͒ and DC 3 N ϩ ͑bot-tom left͒. Here it was attempted to subsequently subtract the gaseous water absorption lines using the reference spectra, but negative-going residuals still remain, which however, are clearly distinguishable from the ion peaks.
vibration. It, therefore, seems inevitable that the absorptions have to be assigned to a carrier of the formula HC 3 N ͑DC 3 N͒.
Since the bands are clearly not due to the neutral cyanoacetylene, they have to be attributed to either its isomer, or to its ion. Assigning the product bands to HC 3 N anions appears quite unlikely, considering that cations are deposited, and that even the absorptions of the neutral parents or other neutral species are, when observed at all, rather weak. Isomerization of nitriles into isonitriles in matrices during photolysis is quite common, and could possibly also occur in the source discharge. Assignment of the observed product bands to isomers of the parent compounds can, however, be safely excluded on several grounds. Already in our previous studies we have established that direct transfer of the neutral parent species from the source to the matrix is quite inefficient, and deposition of minor amounts of the less stable neutral isomer which might be formed in the source is therefore quite improbable. Even more importantly, several vibrational frequencies of the HC 2 NC ͑Ref. 27͒ and even HNC 3 ͑Ref. 28͒ isomers are known, and none of them agrees with the absorptions observed here.
The remaining two reasonable possibilities are the H(D)C 3 N ϩ cation, and its isonitrile isomer, H(D)C 2 NC ϩ . The frequencies of the latter ion were predicted by Horn et al. using the CEPA approximation and the MOLPRO suite of programs. They report strong infrared transitions at the anharmonic frequencies of 3220, 2175, and 1826 cm
, with intensities of 307, 275, and 539 km/mol, respectively, for HC 2 NC ϩ . 29 Similarly for DC 2 NC ϩ , they obtain frequencies of 2514, 2105, and 1780 cm Ϫ1 with respective intensities of 203, 280, and 473 km/mol. While these frequency predictions and even their shifts match relatively well our observed values, the isonitriles are predicted to be considerably higher in energy than the nitriles. If the frequencies were assigned to the isonitrile, then the absence of any evidence of the lower energy nitrile cation would be quite difficult to explain. Also, as noted above, our matrix spectra show no evidence for isomerization of the neutral parent.
In our earlier study of photoisomerization of the C 4 N 2 compound, 30 we have found that the iso-nitrile isomer peaks are a couple of orders of magnitude more intense than those of the nitrile, and these intensity differences were also predicted by theoretical computations. 31 The assignment of the observed product absorptions to the isonitrile ions, and the absence of observable absorptions of the lower energy nitrile cations could perhaps still be rationalized if similar differences in intensities also occured in the H(D͒C 3 N ϩ species. To check this possibility, we have carried out extensive DFT calculations on both the nitrile and isonitrile cation species.
The DFT computations on HC 3 N ϩ and DC 3 N ϩ yield a good agreement of the computed frequencies, deuterium shifts, and relative intensities with the observations, and argue distinctly against the possible alternative HC 2 NC ϩ and DC 2 NC ϩ isomer assignments. In contrast to the neutral cyanoacetylene and its isomer, the cyanoacetylene cations, are predicted to have IR transitions comparably strong to their isonitrile isomers ͑intensities larger than 200 km/mol͒. Apparently, the larger polarity of the isonitrile group, compared with the nitrile, has a much larger effect upon the infrared absorption intensities in the neutral, overall nonpolar dicyano-acetylene, than in the polar and charged HC 3 N ϩ cation.
Considering all the possibilities, it seems that by far most obvious is the assignment of the observed frequencies to the cations of the parent compounds, HC 3 N ϩ and DC 3 N ϩ . The observed and calculated frequencies of the cyanoacetylene cation are listed in Table II . The 2175.79 cm Ϫ1 frequency observed in our work agrees well within the experimental error with the approximate 2180Ϯ40 cm Ϫ1 value measured for the HC 3 N ϩ cation by Baker and Turner using photoelectron spectroscopy. Also the other two measured frequencies, 3196.47 and 1852.82 cm Ϫ1 are in acceptable agreement with the theoretical values computed for the CH and CwC stretching vibrations of the ion. Similarly, also the shifts of the frequencies upon deuteration match what one would expect for this cation. Finally, there is at least an acceptable agreement of the observed relative absorption intensities with their computed values.
F. The dicyanoacetylene cation
While carrying out the experiments with the dicyanoacetylene precursor, we have also deposited the parent cation, mass 76 AMU. When this mass is deposited, the wellknown electronic absorption spectrum of the cation with origin at 16 679.0 cm Ϫ1 appears strongly in the visible range. As shown in Fig. 7 , by far the strongest group of the lines in the infrared range appears near 2014 cm Ϫ1 ͑see Table I͒ . This consists of a doublet at 2014.50 and 2014.93 cm
Ϫ1
, with much weaker satellites at 2012.7 and 2006.1 cm Ϫ1 . These absorptions are surely due to the asymmetric stretching vibration 4 of the cation, C 4 N 2 ϩ . While the vibration itself is inactive in the electronic spectrum, its overtone, 2 4 was measured to be 4020 cm Ϫ1 . 32 Allowing for anharmonicity, this is in excellent agreement with the infrared observation. It should again be noted that while the infrared absorption of the cation is detected, the well-known fundamentals of the neutral compound are not, and neither are those of its isonitrile isomer, NCCCNC. This confirms, as we have already noted previously that the leakage of the neutral parent compounds from the ion source to the matrix is in our apparatus strongly suppressed. It also shows that in spite of spraying of the sample by electrons simultaneously with the ion deposition, the degree of ion-electron recombination occurring in the cold 7 K matrix is relatively small.
G. Evidence for the C 3 N ¿ cation
Still unassigned remains the 2202.4 cm Ϫ1 band, which appears only when an ion of mass 50 from the C 4 N 2 precursor is deposited. This band can be very tentatively attributed to the C 3 N ϩ ion. The results of our DFT calculations are not clear at this point since a nonlinear structure is found to be slightly lower in energy for the triplet. Recent ab initio studies on structures and energetics of C 3 N ϩ isomers suggest an extreme importance of electron correlation and spin contamination for its triplet states. 33 In previous argon matrix studies both in Warsaw and Munich employing both discharge and in situ ultraviolet ͑UV͒ laser and Lyman-alpha photolysis, an infrared frequency of 2194 cm Ϫ1 was observed and also tentatively attributed to the species of formula C 3 N. 28 These assignments would imply a medium shift of 0.4%, which is within the typical range for ions in these light rare gases.
34
IV. SUMMARY
Using mass-selective ion deposition we were able to generate matrices containing the HC 3 N ϩ cation, and its deuterated analogue, and record their infrared spectra. Three stretching vibrational frequencies were identified, and their assignments confirmed by density functional ab initio calculations. In control experiments depositing the parent dicyanoacetylene, the electronic spectrum of the C 4 N 2 ϩ cation was observed. A very strong infrared doublet at 2014.60 and 2015.0 cm Ϫ1 is assigned to the strongest, asymmetric fundamental of the cation, in good agreement with the 4020 cm Ϫ1 overtone band found previously in the electronic spectrum. When mass 38 was deposited, a strong absorption due to the asymmetric stretch of CNC ϩ was observed. The spectrum was sufficiently intense to detect also the 13 C isotopic band, and a combination band tentatively interpreted as involving the low-frequency bending vibration. One weak infrared absorption can be very tentatively attributed to the C 3 N ϩ cation.
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